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1. Introduction

In current draft SDD document, the concept of super-frame has been adopted as part of 802.16m frame structur [1]. Fig. 1 shows the frame structure in [1] for reading convenience. A super-frame consists of four 5ms radio frames and as a result the length of super-frame is 20ms. In the front of each super-frame, a Super-Frame Header is present and will carry system information, control information, synchronization signals, etc. These contents are dedicated for mobile stations to enter system, measure or synchronize with base stations.
[image: image1.emf]
Fig. 1. 802.16m frame structure – super-frame, frame, sub-frame, and symbol.
The presence of Super-Frame Header is one time per super-frame. That means the waiting time for these information/signals in Super-Frame Header varies between 0 and 20ms. For some operations, 20ms waiting time may result in too long latency. For example, when a MS intends to perform handover, channel measurement, downlink synchronization, and/or obtaining system control information with or from more than one neighbor cells are necessary. The required information and signals for these operations are put in Super-Frame Header and they come at a rate of 20ms. 
In conventional frame structure, all base stations’ super-frames are supposed to be all aligned. This will result in long latency due to performing above-mentioned operations with more than one neighbor cells since the MS needs to wait 20ms for Super-Frame Header per neighbor cell. This contribution proposes an interleaved super-frame transmission method to resolve or mitigate this long latency issue for 802.16m system.
2. Misaligned super-frame transmissions
The proposed method is to have misaligned super-frame transmission between neighbor BSs. Fig. 2 illustrates the proposed misaligned super-frame transmission between neighbor BSs. Neighbor 4 BSs form up a set of misaligned super-frame transmissions. As shown in the figure, BS #1, #2, #3, #4 transmit 20ms super-frames periodically and the super-frame timing between four BSs are offset one frame in order from #1 to #4. The set of misaligned super-frame transmission is extended as the system cell planning as shown in Fig. 3 to make sure neighbor cells don’t have aligned super-frames throughout the whole system. 
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Fig. 2. Proposed misaligned super-frame transmission between neighbor BSs
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Fig. 3. Cell planning for misaligned super-frame transmissions. 
When a MS camps on one BS and need to perform channel measurement, downlink synchronization, and/or obtaining system control information with or from neighbor cells, the MS will not need to perform these operations with a latency of 20ms per neighbor BS. The MS can quickly finish related operations with neighbor cells with a latency of 5ms per neighbor BS. Consequently, MSs in the system will be able to proceed related procedures with 5ms latency, rather than 20ms, while inducing 20ms super-frame concept into 802.16m frame structure. 
3. Applied to system information and/or synchronization signal
In current understanding of contents in Super-Frame Header, system information and synchronization signal are two main parts. The concept of misaligned super-frame could be applied to both or either one of system information and synchronization signals. 
Fig. 4 shows an application of misaligned super-frame transmission to “system information”. MSs in the system will be able to access system information of neighbor cells with a latency of 5ms while applying 20ms super-frame. 
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Fig. 4. Misaligned super-frame structure for system information.
Fig. 5 shows an application of misaligned super-frame transmission to “synchronization signal”. In this case, one synchronization signal is transmitted per super-frame in order to save more resources for data. The most challenge task for using only one synchronization signal in a 20ms super-frame is the delay to detect synchronization signal while performing neighbor cell measurement/synchronization for handover. It will need 20ms latency for measurement/synchronization with each neighbor BS. With using the proposed misaligned super-frame transmission, MSs in the system will be able to perform measure and synchronize with neighbor cells with a latency of 5ms while applying 20ms super-frame. Consequently, the proposed misaligned method could enable “transmitting only one synchronization signal within 20ms super-frame” without increment of neighbor cell measurement/synchronization latency, as compared to “transmitting one synchronization signal per 5ms frame”. 
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Fig. 5. Misaligned super-frame structure for synchronization signal.

Fig. 6 illustrates combination of Fig. 4 and 5. This could be the proposal for 802.16m misaligned super-frame transmission while only one synchronization signal is transmitted per super-frame. 
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Fig. 6. Misaligned super-frame structure for synchronization signal and system information – in case of one synchronization signal per super-frame.

Fig. 7 illustrates the proposal for 802.16m misaligned super-frame transmission while one synchronization signal is transmitted per two frames. 
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Fig.7. Misaligned super-frame structure for synchronization signal and system information – in case of one synchronization signal per two frames.
Fig. 8 illustrates the proposal for 802.16m misaligned super-frame transmission while one synchronization signal is transmitted per frame. 
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Fig.8. Misaligned super-frame structure for synchronization signal and system information – in case of one synchronization signal per frame.
4. Conclusion
This contribution proposes to use a misaligned super-frame transmission scheme to avoid long latency of neighbor cell measurement, synchronization, etc. for handover. The proposed scheme could be applied to super-frame transmission no matter one synchronization signal transmitted per frame or per super-frame. Several possible application cases have been discussed in this contribution and the proposed text for the 802.16m SDD is in the end of the document. 

Reference 

[1] IEEE 802.16m-08_003r1, “The Draft IEEE 802.16m System Description Document”
Proposed Text
The proposed texts are presented for IEEE 802.16_08/003r1. 
The first part of text is used to induce misaligned super-frame concept into SDD document. The second part of text is used to further explain of misaligned super-frame transmission in 802.16m in case of one synchronization signal per super-frame or per frame.
-------- Start of the text proposal ---------------------------------------------------------------------------------------

[Insert the following text into a suitable place of Section 11.4 of IEEE 802.16_08/003r1.]

11.4.x Staggered super-frame transmissions
The start of super-frames between neighbor 802.16m cells may be staggered by one-frame increments. Fig. XXX illustrates the concept of staggered super-frames in a TDD system, where staggering of super-frames is applied to a cluster of 4 neighboring BSs, BS1-BS4. In the figure, BS #1, #2, #3, and #4 transmit 20ms super-frames periodically and the super-frame timing between four BSs are offset one frame in order from #1 to #4. 
The cluster size for staggered super-frames is a network-configurable parameter and can range from 1 to 4. This allows for the option of a deployment with non-staggered super-frames, such as might be the case for MBSFN transmissions or other scenarios, depending on the requirements.

The concept of staggered super-frame transmissions across neighboring cells is equally applicable to FDD systems.
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      Fig. XXX. Staggered super-frame transmissions between neighboring BSs.
-------- End of proposed text ---------------------------------------------------------------------------------------------
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